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Switched Reluctance Machines (SRMs) are a primitive class of reluctance-based electrical machines that 
are widely applied in projects like efficient HVAC systems, back-up power sources for electrical planes, 
etc.  
The SRM is popular due to its easy construction, high speed capabilities and ability to withstand rugged 
operating conditions. However, designing an SRM comes with challenges. One of the major challenges is 
modeling the airgap permeance. This challenge arises because the SRM is a doubly salient machine. 
Thus, the flux paths for this machine are complex and do not share similarities with those of 
synchronous and asynchronous machines. 
 Although this hurdle can be overcome with the assistance of finite element analysis (FEA) simulations, 
there are two key drawbacks. First, setting up an FEA model is time consuming and requires new 
solutions to be generated for every change in the design process. Second, utilizing FEA models 
eliminates the optimization of the design procedure as the designer is disconnected from the design 
process. While the analytical method, as compared to a FEA model, is a more efficient way of designing 
an SRM, the issue of determining the airgap permeance still persists.  
There are two goals of this research project. First, we aim at developing a design tool that helps provide 
important characteristics accurately and quickly as compared to FEA simulations. The second goal is to 
generalize this design tool to eliminate the need to setup a new model for every change. 
To determine the airgap reluctance, we chose the flux- tube analysis approach developed by R. Pohl. In 
this approach, we create a model by which we can calculate the airgap reluctance at any given position 
of the rotor (relative to the stator). We also generalized this solution to develop a design tool, via 
MATLAB, to allow the designer to perform airgap reluctance analysis, without setting up a new model, 
even if the machine parameters change.  
After determining the airgap reluctance, we pieced together the equivalent magnetic circuit for the 
desired SRM and were able to extract important machine characteristics like the inductance profile, 
torque profile, B-field profile, etc.  We validated our results with FEA simulations to see a close match. 
As a result of this project, we aim to build our own 8/6 SRM that can be used for demonstration 
purposes in future offerings of ECE 330. 
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Switched reluctance motors (SRMs) are one class of variable reluctance machines that can help provide 
the solution for both small-scale and large-scale applications which require variable speed from the 
implemented machine [1]. The popularity of SRMs is not unjustified. These machines, compared to their 
counterparts, are easy to construct, can operate are high speeds, have lower copper losses, are more 
efficient and can withstand rugged operating conditions [2]. 
1.2 Challenges	in	designing	an	SRM	
 
The SRM is a doubly salient machine. That is, during operation, the reluctance of the machine at any 
point is dependent on the relative position of the rotor with respect to the stator. This double saliency 




Finite element analysis (FEA) software can be used to generate accurate models of the air gap. However, 
there are a few disadvantages to it. First, FEA consumes a lot of computational resources to generate an 
accurate model. Second, any change to the machine parameters requires a re-computation of the air 
gap model. This is a slow process as all simulations would need to be re-run. For this reason, FEA are 
used at the end of the design process to validate the analytical model of the SRM. 
During the initial design phase, analytical methods, formally known as the magnetic equivalent circuits 
(MECs), are used to model the SRM. The MEC technique, although not as accurate as the FEA approach, 
provides quicker solutions.   Multiple analytical tools have been developed to model the air gap of an 
SRM. Among the numerous methods, using 'flux tubes' to model the air gap is flux is quite prominent [3-
6]. 
Although these analytical tools have smaller computation times than FEA methods, they still suffer from 
the problem of lack of scalability. That is, changes in design parameters still require a re-computation of 






The motivation for this thesis is two-fold. First, we aim to design an eight stator-pole, 6-rotor pole SRM 
using a 'flux tube' model for the air gap. Second, we aim to make our analytical model flexible to 
changing design parameters without having to consume excessive computational resources. This flexible 
model can then be subject to any optimization algorithm to aid the user in designing a machine with 
specific constraints. 
To explore the 'flux tube' method, we designed our machine and modeled the air gap using techniques 
introduced by R. Pohl in [7]. First, we implemented an empirical model by manually calculating the air 
gap permeance. Then, to incorporate flexibility, we devised an algorithm that can help a user generate 
an analytical model of their machine based on the device parameters. This algorithm not only models 
the air gap permeance but also helps analyze the performance of the machine by producing the 
inductance profile, torque profile and estimates the B-field in different regions of the machine. Finally, 
we compared the results of our analytical model with FEA solutions and validated our analytical 
algorithm. 
As a result of our thesis, the 8/6 SRM and the analytical algorithm we devised is to be used for 
instructional purposes for future offerings of ECE 330. 











For this thesis, we aimed to construct an SRM with eight stator poles and six rotor poles, denoted as an 
8/6 SRM. There were a number of parameters considered while setting up the design for this machine. 
Table 1 lists all the parameters and their values required to perform analytical analysis and FEM 
simulations. 
Table 1 Stator and Rotor dimension specifications for the desired 8/6 SRM 
Region Outer Diameter (mm) Inner Diameter (mm) Stack Length (mm) Yoke Thickness (mm) 
Stator 187.5 109.6 43 9 
Rotor 107.6 49.6 43 9 
 
Apart from the above-mentioned dimensions, a few other specifications for our desired 8/6 SRM are 
listed in Table 2. 
Table 2 Additional technical specifications for the desired 8/6 SRM 
Parameter Value 
Turns per pole 184 
Steel Relative Permeability 4000 
Fill Factor 0.5 
Stator Pole Angle 25.1 degrees 
Rotor Pole Angle 28 degrees 
Air Gap Length 0.95 mm 
 
 
With design specifications listed out in Tables 1 and 2, we set up a basic FEA model to help us visualize 






Figure 2 Basic geometrical sketch of the desired 8/6 SRM with the outer diameter of 187.5 mm and 









The primary objective of our analysis is to determine the total permeance/ reluctance of the SRM, so 
that we can further derive the inductance profile, torque profile and the B-field in different regions of 
the core. To achieve this goal, we model the machine via the MEC approach and rely on the flux tube 
approach to model the magnetic flux lines. 
In order to achieve our goals, we split our primary objective into three sections: reluctance of the stator 
core, reluctance of the rotor core and reluctance of the air gap. 
It is imperative to note here that the MEC model is dynamic in nature. Based on the position of the 
rotor, the air gap reluctance will need to be updated. Another detail here is that while the reluctance of 
the isolated rotor core is geometry dependent and constant, the way it interacts with rest of the 
magnetic circuit will always vary based on the rotor position. 
While the air gap reluctance and configuration of the rotor reluctance are position dependent, the 
stator reluctance and its configuration in the magnetic circuit are static in nature and need be computed 
only once. 
For all our models, we use a 'per phase' approach. This approach does not lead to a loss of generality 
since the concept of driving an SRM is, ideally, to excite only one phase at time. Thus, the models 
described below are not limited to an 8/6 design only and can also be used for machines with different 
numbers of stator and rotor poles. 
3.2	Determination	of	Stator	Core	Reluctance	
 
To analyze the per phase reluctance of the stator core when a given winding is excited, we divide the 
stator core into two sections: the stator pole and the stator back iron. 
Reluctance of any section of the stator core, based on its geometry, can be calculated as: 
𝑅 =
𝑙
µ ∗ 𝑤 ∗ 𝑑
 (1) 
 
Here l denotes the length of the region, w denotes the width of the region, d denotes the depth of the 
region and  µ denotes the magnetic permeability of the region whose reluctance we wish to determine. 
For the stator pole: 
 l = length of the stator pole 
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 w = width of the stator pole 
 d = stack length 
For the stator back iron: 
 l = half of the mean free stator back iron length 
 w = yoke thickness of the stator 




Just like the stator core reluctance, the rotor core reluctance can also be analyzed in a similar fashion 
with the help of equation (1). 
For the rotor pole: 
 l = length of the rotor pole 
 w = width of the rotor pole 
 d = stack length 
For the rotor back iron: 
 l = half of the mean free rotor back iron length 
 w = yoke thickness of the rotor 









The per phase analysis of the air gap reluctance is not as straightforward as the analysis of the stator 
and rotor core reluctance as discussed in the above sections. The complexity arises due to fact that the 
SRM is a doubly salient machine. Due to this saliency, the air gap reluctance is subject to change every 
time the rotor rotates. To overcome this 'dynamic' nature of the air gap reluctance, we turn to the flux 
tube method suggested by R. Pohl in [7]. 
3.4.2	Introduction	of		Pohl’s	Method	for	gap	permeance	calculation	
 
In the paper Theory of Pulsating Machines, R. Pohl [7] introduces a method to calculate the gap 
permeance of one stator tooth while the slotted rotor moves. In this method, it is assumed that all flux 
lines passing through the gap are comprised of straight lines and arcs of circles. These imaginary walls 
slant at an angle of b = 1.1 radian with respect to the horizontal. 
In this method of analysis, we first assume the existence of slanting walls of infinite permeability. These 
walls span from the midpoint of the stator and rotor slots to the edge of the stator and rotor poles. 
Next, we assume that in the regions of the stator slot and rotor slot, the flux lines can be modeled as 
arcs of a circle. These arcs originate at the slanting walls located at the stator slot and terminate at the 
slanting walls located at the rotor slot. 
Finally, in the air gap region between the stator and rotor poles, the flux lines are assumed to be straight 
lines, connecting the arcs in the air gap region of the stator and rotor slots. 
3.4.2	Setting	up	the	foundation	for	Pohl’s	method	for	gap	permeance	calculation	
 
In order to accurately utilize Pohl's method, we must clearly identify the different regions that emerge 







Figure 3 Illustration of the various regions of the machine when analyzing the air gap permeance 
under Pohl's Method 
 
 
Figure 3 illustrates the setup of the stator core, rotor core and air gap under Pohl’s method. With this 
setup, we see an example of how Pohl's method can be used to calculate the air gap reluctance when 
the rotor completely aligns with the stator. 
The first step is to set up the fictitious walls, followed by the setting up the flux lines. Finally, we identify 
the different regions based on the flux line distribution. 
This setup for the completely aligned case can be seen in Figure 4. We can clearly identify three different 
regions: Blue, Green and Yellow. 
 
Figure 4 Flux distribution for the aligned scenario   
Once we have modeled the flux lines and identified the different regions, we proceed to compute the 
net permeance, which is the reciprocal of the reluctance. The reluctance in question can be calculated 
with the help of equation (1). 




 wsp = width of the stator pole 
 wss = width of the stator slot 
wrp = width of the rotor pole 
 wrs = width of the rotor slot 
 wag = width of the air gap 
 
With these parameters in mind, the permeance of the air gap for the completely aligned scenario is 
given by the sum of the permeance for each of the colored regions. This computation is shown below. 
































Permeance of the blue region: 
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 Total permeance of air gap for the aligned scenario: 
𝑃1 = 𝑃! + 2𝑃# + 2𝑃, 
 










The complete implementation of Pohl's method involves identifying the different positions of the rotor 
where the saliency of the stator and rotor causes the flux distribution to change. These positions can be 
labelled as different 'cases' based on the position of the rotor, relative to the stator. 
Starting with the aligned case, we can break down the entire rotation of the rotor from the aligned 
position to the unaligned position with eight additional cases. 
 In our modeling of the rotation, we consider the rotor moving from the aligned to the unaligned 
position in a clockwise motion. This assumption of the starting position and direction of motion does not 
have any effect on our modeling. This model could be designed to have the reversed starting position 
and direction of motion, and the resulting different cases would still be the same. 
We now list the different cases and their flux distributions based on our initial position and direction of 
rotation. The method of calculating the air gap permeance for the different cases is the same as 
depicted for the perfectly aligned scenario. We need to set up the integrals and sum up the individual 
permeances of the different colored regions to get total permeance for the different positions of the 






Case 2: The left edge of the stator and rotor poles align. 
Below is the physical position of the stator and rotor for case 2. 
 
Figure 5 Left edge of stator and rotor poles align 
 
The flux line distribution for case 2 is shown below. 
 
Figure 6 Flux distribution for case 2 
 
The total air gap permeance for case 2 is given by P2: 
𝑃) = 𝑃! + 𝑃# + 𝑃, + 𝑃(  
 









Case 3: Midpoints of the stator and rotor slot on the left align 
Below is the physical position of the stator and rotor for case 3. 
 
 
Figure 7 Midpoints of the stator and rotor slot on the left align 
 
The flux line distribution for case 3 is shown below. 
 
Figure 8 Flux distribution for case 3 
 
The total air gap permeance for case 3 is given by P3: 
𝑃3 = 𝑃! + 𝑃# + 𝑃, + 𝑃( + 𝑃' 
 








Case 4: Edge of rotor pole aligns with midpoint of stator slot on the right 
Below is the physical position of the stator and rotor for case 4. 
 
Figure 9 Edge of rotor pole aligns with midpoint of stator slot on the right 
 
The flux line distribution for case 4 is shown below. 
 
Figure 10 Flux distribution for case 4 
 
The total air gap permeance for case 4 is given by P4: 
𝑃4 = 𝑃! + 𝑃# + 𝑃, + 𝑃( + 𝑃' 
 









Case 5: Midpoint of rotor pole aligns with right edge of stator pole 
Below is the physical position of the stator and rotor for case 5. 
 
 
Figure 11 Midpoint of rotor pole aligns with right edge of stator pole 
 
The flux line distribution for case 5 is shown below. 
 
Figure 12 Flux distribution for case 5 
 
The total air gap permeance for case 5 is given by P5: 
𝑃5 = 𝑃! + 𝑃# + 𝑃, + 𝑃( + 𝑃' 
 








Case 6: Rotor slot midpoint aligns with left edge of stator pole. 
Below is the physical position of the stator and rotor for case 6. 
 
 
Figure 13 Rotor slot midpoint aligns with left edge of stator pole 
 
The flux line distribution for case 6 is shown below. 
 
Figure 14 Flux distribution for case 6 
 
The total air gap permeance for case 6 is given by P6: 
𝑃6 = 𝑃! + 𝑃, + 𝑃( + 𝑃' 
 









Case 7: Right edge of next rotor pole aligns with left edge of stator pole. 
Below is the physical position of the stator and rotor for case 7. 
 
 
Figure 15 Right edge of next rotor pole aligns with left edge of stator pole 
 
The flux line distribution for case 7 is shown below. 
 
Figure 16 Flux distribution for case 7 
 
The total air gap permeance for case 7 is given by P7: 
𝑃7 = 𝑃! + 𝑃, + 𝑃( + 𝑃' + 𝑃# 
 









Case 8: Left edge of rotor pole aligns with right edge of stator pole. 
Below is the physical position of the stator and rotor for case 8. 
 
 
Figure 17 Left edge of rotor pole aligns with right edge of stator pole 
 
The flux line distribution for case 8 is shown below. 
 
 
Figure 18 Flux distribution for case 8 
 
The total air gap permeance for case 8 is given by P8: 
𝑃8 = 𝑃! + 𝑃, + 𝑃( + 𝑃' + 𝑃# 
 








Case 9: Completely aligned scenario 
Below is the physical position of the stator and rotor for case 9. 
 
 
Figure 19 Completely unaligned scenario 
 
The flux line distribution for case 9 is shown below. 
 
 
Figure 20 Flux distribution for case 9 
 
 
The total air gap permeance for case 9 is given by P9: 
𝑃9 = 𝑃! + 2𝑃, + 2𝑃(  
 










As seen in the section above, implementing Pohl's method requires the setting up multiple integrals that 
are dependent on the geometry of the different sections of the SRM. This geometric dependence of the 
integrals gives rise to the potential issue of remodeling the SRM and setting up new integrals every time. 
In order to tackle this challenge, we tried to implement a generalize the Pohl's Method via a MATLAB 
Script such that for any user provided dimensions, the algorithm can predict the integrals required to 
calculate the air gap permeance. 
The overarching idea behind the algorithm is as follows: 
1. Since the stator is stationary, we first calculate the permeance of the air gap regions 
between the stator slot and the stator slot. 
2. Next, we add the permeance of the air gap region between the stator and rotor pole. 
3. Finally, we dynamically calculate the permeance of the air gap regions of the rotor since it is 




To model the poles and slots of the rotor and stator, we setup two arrays based on the scope of 
resolution provided by the user. 
In order to mimic the difference is heights of the poles and the slots, we given each element of the 
arrays a specific value. These values have no significance on the calculation of permeance since the 
calculation is only dependent on the widths of the respective components. 
In our implementation, the segment of the stator array modeling the stator slot is assigned the value of 
'0.7' and the segment of the stator array modeling the stator pole is assigned the value of '0.2'. Similarly, 
the segment of the rotor array modeling the rotor slot is given the value of '-0.7' and the segment of the 
rotor array modeling the rotor pole is assigned a value of '-0.2'. 
    Plotting the stator and rotor array, as shown below for the aligned scenario, is useful in visualizing the 




Figure 21 Visualizing the stator and rotor pole via MATLAB 
 
The simulation of rotor movement is done via circularly shifting the rotor array based on the scenario 




With the model setup as described above, we split our permeance calculation into three segments: the 
permeance of the stator slot air gap, the permeance of the air gap between the stator and rotor pole, 
and the position dependent permeance of the rotor slot air gap.   
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Calculation of stator slot air gap permeance: 
To calculate the permeance of the air gap in the stator slot, we need to analyze the curved flux lines 
originating in that region, as seen in our model setup above. 
The width of any flux line is determined by dx, the scope of resolution of the model set by the user. The 
length of the flux line/air gap can be calculated via the small angle approximation and the distance of 
the flux line from the nearest stator pole edge. 
Flux line length = distance from nearest stator pole edge * b 
With the length and width determined and recalling that the depth of the air gap is the same as the 
stack length, we use employ equation (1) to calculate the reluctance and then take the inverse to 
compute the stator slot air gap permeance. 
We repeat this process for each flux line and sum up the permeances to obtain the net stator slot air gap 
permeance. 
 
Calculation of permeance of air gap between stator and rotor pole: 
Here we calculate the permeance of the region between the stator and rotor poles as setup in our 
model in Figure 21.  Recall that in this region, we model the flux lines as straight lines. Thus, the length 
of the flux line here is just the length of the air gap as specified in the machine parameters. The width of 
the flux line, as before, is specified by the scope of resolution. Finally, the depth of this region is the 
same as the stack length of the machine. With the use of equation (1), we can calculate the permeance 
of the flux line in this region. 
It is easy to observe here that since the length and depth of the flux lines in this region are the same, 
regardless of whether they originate in the stator slot air gap or not, the permeance of each air gap 
region between the stator and rotor poles that has a width of dx is the same. 
 
Calculation of rotor slot air gap permeance: 
The calculation of this permeance is not as straightforward as the above two calculations. This is 
because our rotor array is constantly circularly shifted to mimic the rotor core rotation. 
However, the principle behind the calculation remains the same. For any given rotation position and any 
given flux line in this region, the width is the same dx. The length of the flux line/air gap can be 
calculated via the small angle approximation and the distance of the flux line from the nearest stator 
pole edge, 
Flux line length = distance from nearest rotor pole edge * b 
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Again, we make use of equation (1) to calculate the permeance of the rotor slot air gap of width dx. We 
repeat this process of calculating the permeance of each rotor slot air gap region with width dx. 
With the permeance calculation of the three different air gap regions, we can now calculate the total 
permeance of the air gap. For any specified rotor position, we sum up the individual arrays of the 
permeances for the different regions to obtain an array that contains permeance of the total air gap of 
width dx. The inverse of the internal sum of this array would be the value of the single air gap reluctance 
that will be used in the equivalent MEC. 
3.6	Setting	up	the	Magnetic	Equivalent	Circuit	
 
With the discussion in sections 3.2, 3.3 and 3.4, we have successfully determined the stator core, rotor 
core and air gap reluctance of the machine for any given position of the rotor relative to the stator. With 
these reluctances determined, we can now setup the MEC required to determine the inductance profile, 
torque profile and the B-field at different regions in the machine. 








Figure 22 MEC for the perfectly aligned scenario 
 
The net reluctance of the machine for the perfectly aligned scenario is determined as follows: 
𝑅":;#<=> = 20𝑅&' + 𝑅(' + 𝑅"#2 + 0.5(𝑅&,; + 𝑅(,;) 
 





Similarly, we can setup the MEC for the perfectly unaligned scenario. 
 
 




Figure 23 MEC for the perfectly unaligned scenario 
 
The net reluctance of the machine for the perfectly unaligned scenario is determined as follows: 
𝑅?<":;#<=> = 20𝑅&' + 𝑅"#2 + 0.5(𝑅&,; + 𝑅(,;) + 𝑅(' 
 





Setting up the MEC for the aligned and unaligned positions is very straightforward due to the simplistic 
geometries. 
While the calculation of the air gap reluctance is possible via Pohl's method, it is difficult to determine 
how this reluctance will interact with the remaining reluctances in the MEC. For the purposes of our 
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thesis, we have assumed that the reluctance geometry is similar to that of the aligned scenario for all 
positions of rotation, except the unaligned scenario. We make use of the MEC shown in Figure 23, when 






To validate the results of the analytical approach, we rely on the results provided by the FEA simulations 
(via Ansys-Maxwell simulations). We set up an SRM model that has the same specifications as 
mentioned in Table 1 and Table 2. Furthermore, we have set the rated speed at a 1000 rpm. 
Below are images of the FEM model displaying the aligned and unaligned positions for a specific phase.  
 
 
Figure 24 FEA model depicting the aligned scenario 
		
In the figure above, we see that the phase labelled Winding 1, is completely aligned with the nearest 
rotor pole. 
 
Figure 25 FEA model depicting the unaligned scenario 
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At every increment of the rotor position, are algorithm calculates the value of air gap reluctance. This 
enables us to calculate the total reluctance of the MEC at every rotor position and ultimately allows to 
determine the total machine inductance as a function of rotor position. This inductance, a function of 






To validate our calculation of the inductance profile, we plot the curves obtained from the analytical 
approach and from the FEA simulations on the same graph, as seen below. 
 
Figure 26 Comparison of the Inductance profile obtained from the Generalized algorithm and FEA 
simulations 
As seen in the figure above, we see a very close match between the analytical and FEM simulations. 
For the aligned scenario, the calculated inductance is 94.22 mH, while the simulations report an 
inductance of 85.19 mH. The error for the aligned scenario is 10.599%. 
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For the unaligned scenario, the calculated inductance is 15.11 mH, while the simulations report an 









In our MATLAB script, we take the first-order derivative of the inductance array and then multiply it with 
half of the square of the current. 
 We then compare our results with those of the FEA simulations as seen below. 
 
Figure 27 Comparison of the Torque profile obtained from the Generalized algorithm and FEA 
simulations 
 
As seen in the figure above, we see a very close match between the analytical and FEA simulations. 
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From our analytical approach, we obtain an average torque of 729.0697 mNm. The FEM simulations 
report an average torque of 602.0214 mNm. The gives us an acceptable error percentage of 21.1036%, 
close to what we saw for the inductance profile. 
4.4	B-Field	Analysis	
 
The final component of validating our analytical model was ensuring that the calculated magnetic 
density in different regions of the machine core matched with those reported by the FEA simulations for 
the aligned and unaligned scenarios. 
In order to analytically determine the B-Field in different regions of the machine, we first determine the 





After determining the total magnetic flux in the machine, we then determine the relation between the 
magnetic flux in the different regions of the machine and the total machine magnetic flux based on the 
MECs for the aligned and unaligned scenarios. These relations are listed below. 
 
	F&' = F"#,":;#<=> = F(',":;#<=> =	F@A@":  





With the above relations in mind, the B-Field in any region of the machine can be obtained via the 
following equation: 
F	 = 𝐵𝐴 
 
 
To determine the B-Field from the FEA simulations, we plot the B-Field distribution for the aligned and 
unaligned scenarios and take the average of the reported B-Field distribution in different regions. 





Figure 28 FEA B-Field Simulation for the aligned scenario 
 
 
Figure 29 FEA B-Field Simulations for the unaligned scenario 
The following tables, Table 3 and Table 4,, compares the analytical and the FEA reported values for the 




Table 3 Comparison of analytical and simulated B-Field strength in different regions of the machine for 
the aligned scenario 
Machine Region Analytical B-Field Value (T) FEA B-Field Value (T) Error % 
Stator Pole 1.0486 0.7852 25.11 
Stator Back Iron 1.0486 0.9325 11.07 
Air Gap 0.8541 0.6701 21.54 
Rotor Pole 0.7204 0.5689 21.03 
Rotor Back Iron 1.0486 0.8980 14.36 
 
   
Table 4 Comparison of analytical and simulated B-Field strength in different regions of the machine for 
the unaligned scenario 
Machine Region Analytical B-Field Value (T) FEA B-Field Value (T) Error % 
Stator Pole 0.223 0.1786 19.91 
Stator Back Iron 0.233 0.2187 1.93 
Air Gap 0.1816 0.0364 79.95 
Rotor Pole 0.0766 0.0422 42.49 
Rotor Back Iron 0.223 0.1901 14.75 
 
From the tables above, we see that our analytically determined B-Field strength is comparable to the 
FEA determined B-Field results except for the Air Gap and Rotor Pole regions in the unaligned scenario.  
There is potential source for these relatively high error percentages. This error stems from the difficulty 
in modeling the MEC for the unaligned case. Specifically, the placement of the reluctances for the rotor 
pole and air gap is difficult to estimate geometrically. This can be seen in the magnetic flux relationships 
mentioned in section 4.4 where only the rotor pole and air gap flux are subject to change based on the 
rotor position. This uncertainty in reluctance position affects the calculation of the total reluctance, the 
estimate of total magnetic flux, the estimate of flux through the air gap and rotor pole and the estimate 






As seen in Chapter 4, our analytical design tool provides a comparable estimate of the important 
machine characteristics such as the inductance profile, torque profile and the B-Field estimate in 
different regions of the machine when pitted against the FEA simulations. Since this analytical tool is a 
MATLAB script, it is easily executable and is faster than relying on FEA simulations for determining the 
above-mentioned fundamental machine characteristics. 
There are two important subsections in this thesis where future work could improve the analytical 
design tool.  
First, since this algorithm is indeed a piece of code, it can be subject to multiple optimization algorithms. 
The idea behind this optimization process is to help the designer design an SRM with an end goal in 
mind. The optimization algorithms will allow the user to provide the analytical tool with a specific 
inductance, torque of B-Field input and get the required machine parameters that can achieve the end 
goal as an output. 
Second, to improve the efficiency of the inductance, torque and the B-Field estimation for the unaligned 
scenario, further geometrical analysis can be done to improve the reluctance placement of the rotor and 
air gap reluctances in the unaligned MEC. 
Finally, as an end goal of this thesis, this analytical tool was used to validate the design process of an 8-
stator pole, 6-rotor pole SRM with design parameters mentioned in tables 1 and 3. We aim to construct 
this machine for demonstrations in future offerings of ECE 330 at the University of Illinois at Urbana-
Champaign. 
The mechanical sketches of the rotor and stator designs are in Figures 30 and 31, respectively. 
 












The SRM is a popular machine often used in high-speed and low-cost operations. An important 
challenge designers face is determining the air gap permeance. This challenge arises due to the double 
saliency of the SRM that gives rise to a complex flux distribution. To estimate this permeance, the 
industry standard has always been to rely on complex tools such as FEA simulations. This solution comes 
with two disadvantages. 
First, the designer is disconnected from the inner workings of the design process as the simulations take 
away key insights and inner workings of the design process. 
Second, this is a very time-intensive process that requires new simulations every time a design 
parameter is changed, making the design process very tedious. 
The objective of this thesis was to design an analytical tool that allows the user to quickly and accurately 
determine fundamental machine characteristics such as the inductance profile, torque profile and B-
Field strength.  
To achieve this goal, we relied on the flux tube method introduced by R. Pohl to estimate the air gap 
permeance. The downside of this method is that it involves setting up multiple tedious integrals that 
need to be revised at every change of a design parameter, much like the FEA simulations. 
The contribution of this thesis is the development of an analytical tool which generalizes the air gap 
permeance calculations. This tool reduces all calculations to a ‘per-phase’ domain that allows the results 
to be scaled for any choice of stator and rotor poles and can provide quick results for any given machine 
parameters. We validated the results of our design tool with FEA simulations to see a close match for 
the fundamental machine characteristics. 
This tool also has the potential to be subject to optimization algorithms that allow the user to input 
specific machine characteristics and get the required machine parameters to achieve those 
characteristics as an output. 
As a by-product of this thesis, we aim to construct an 8-stator pole, 6-rotor pole SRM to be used for 
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